Basic Fibroblast growth Factor, or FGF-2, has been shown to promote neuronal survival and neurite outgrowth in dissociated neurons from the embryonic chick ciliary ganglion; in these effects the propose that this complex behaviour can be due to a perturbation in PIP 2 levels at the plasmamembrane.
Introduction
Basic Fibroblast Growth Factor (bFGF or FGF-2) is a potent neurotrophic factor, that has been shown to determine the fate of several neuronal populations [1, 3] . Its action is mediated, downstream of its receptor(s), by different signal transduction pathways, whose differential activation may explain the specificity of action of the factor. The processes in which it has been shown to play a role range from neuronal survival to neurite growth and nerve repair [4, 8, 13, 17, 18] .
In a well established model of peripheral neurons, cultured E7/E8 embryonic chick ciliary ganglion neurons, we have previously shown that FGF-2 can promote neuronal survival [4] and neurite outgrowth [25] in dissociated and organotypic cultures. Moreover, it induces long lasting changes in [Ca 2+ ] i through a mechanism mainly dependent on calcium influx from the extracellular medium [4] . We also described the specific contributions to cellular responses of the three main signal transduction pathways downstream of the activated FGFR1 receptor: the PLCγ, the ERK/MAPK and the PI3-K pathways. While the first two are involved in the control of neurite outgrowth but not in the pro-survival action of FGF-2, the third positively affects both processes [7] . However, the involvement of these pathways in FGF-2-induced calcium signalling has not been elucidated. We now describe their specific contribution to the generation of the long lasting somatic increases in [Ca 2+ ] i , providing evidence for an involvement of all these pathways, with a peculiar role for the PLCγ one.
Methods

Cell cultures
Chick ciliary ganglion (CG) neurons were obtained from E7/E8 embryos and maintained for 24 h in a chemically defined N2 medium as previously described [4] . Briefly, ganglia were incubated in divalent cation-free phosphate-buffered saline containing 0.06% trypsin at 37 °C for 5 min and, after a gentle trituration, cells were resuspended in N2 medium. Cells were then plated in the middle area of 40 mm glass coverslips coated with poly-D-lysine (100 μg/ml) and laminin (1 mg/ml).
Unless otherwise specified, all reagents were purchased from Sigma (St. Louis, MO). maintained during the perfusion with the growth factor. The concentrations were chosen on the basis of previous observations [7] that showed that these were the optimal doses for interfering with the FGF-2 induced survival and neurite growth while not affecting these parameters in the sole presence of adhesion molecules. All three inhibitors, at the above concentrations, had no effect on neuronal survival (up to 48 h for the PLC and ERK/MAPK inhibitors and up to 24h for WM).
Calcium imaging
Calcium measurements were performed exciting FURA-2AM every 0. 
Statistical analysis
Each experiment was performed on four different cell cultures for each experimental condition. By this way sampling distributions were drawn for each condition and for every parameter of interest (i.e. number of responsive cells, peak amplitude of the response and time to peak) allowing data to be represented as mean ± standard error, even in case of the response percentages (Fig. 1) .
Normality of the residuals distribution has been verified through Shapiro-Wilk normality test and variances resulted to be quite homogeneous over each condition (Levene's test of homogeneity of variances gave a p-value > 0.30). For these reasons one-way ANOVA was a suitable method for significance assignment. Statistical analysis was carried out using SPSS software and other selfmade code, while raw data were analyzed with IGOR Pro software (6.03a version): in this context, peak values were calculated subtracting the baseline value for each trace from the maximum value reached during drug treatment.
Results
Effects of the inhibitors of the ERK/MAPK and PI3-K signal transduction pathways on FGF-elicited calcium signals
We have previously shown that the increases in somatic The time course was similar for control cells and cells preincubated with PD98059 and with WM (Fig. 1A) ; time to peaks were respectively 355,8 ± 11.6 s (control), 328.9 ± 10.2 s (PD98059) and 332.2 ± 11.6 s (WM).
Effects of the PLCγ inhibitor U73122
The picture obtained from cells preincubated with the PLCγ inhibitor U73122 (0. 
Characterization of the oscillatory behaviour in cells preincubated with U73122.
The strikingly increased number of cells showing basal [Ca 2+ ] i oscillations following preincubation with U73122 led us to investigate the mechanism(s) responsible for this perturbation of calcium homeostasis.
As a preliminary step we checked if the oscillations could be ascribed to influx from the extracellular medium or to release from intracellular compartments. When the extracellular Tyrode solution was shifted to a solution containing 0 Ca 2+ and 0.5 mM EGTA, spontaneous calcium oscillations in cells preincubated with U73122 were completely abolished in 100% of 110 cells, see Therefore, the block of the PLCγ pathway seems to lead to inhibition of Ca 2+ VOCs and to the activation of a calcium influx through a different pathway.
Discussion
In this paper, we have analyzed the involvement of the three main pathways downstream the activated FGFR1 receptor (ERK/MAPK, PI3K and PLCγ) in the generation of the long lasting [Ca 2+ ] i increases elicited by FGF-2 in embryonic chick ciliary ganglion neurons, and provided evidence that interfering with each of these pathways by means of pharmacological tools induces different levels of impairment of the somatic calcium signals activated by the factor. This is the first report of the converging involvement of these pathways in FGF-2 induced neuronal calcium signalling, a key step in the neurotrophic action of the factor [4] . The specificity of the inhibitors and the concentrations used in the experiments described above were tested in a previous paper [7] and proved to be effective in selectively interfering with FGF-2 induced neurite outgrowth without affecting the growth in basal conditions. In the same paper it was also shown that the inhibitors of the ERK/MAPK and of the PI3K-AKT pathways, at the same concentrations, significantly interfered with the phosphorilation of the target proteins [7] . The ERK/MAPK inhibitor PD98059 The first observation may explain why the block of this pathway strongly affects the number of cells responsive to FGF-2 but has no effect on the dependency of neuronal survival from the neurotrophic factor [7] : while cells are less responsive to the factor, many of them show spontaneous calcium oscillations, thus probably bypassing the need for FGF-2 induced calcium influx. The fact that incubation with U73122, that inactivates voltage dependent calcium channels, does not impair survival of ciliary ganglion neurons [7] is in agreement with the previous data [4] showing that Ca A direct consequence of the block of PLC activity is an upregulation of PIP 2 levels in the plasmamembrane. PIP 2 is involved in the modulation of several channel types, mainly K + channels and cationic, calcium permeable channels of the TRP superfamily [6, 9, 15, 23] . Among the TRP channels that have been shown to be activated/modulated by PIP 2 are several TRPMs [12, 20] , TRPC6 [10] , TRPV5 [11] . TRPV1, one of the best characterized members of the superfamily, has been shown to be both activated and inactivated by PIP 2 , depending on the experimental conditions [19] . Finally, Saleh [21] have shown a complex mechanism of activation of TRPC1 channels by PIP 2 and PIP 3 , the product of the PI3K-mediated phosphorilation of PIP 2 . Therefore, inhibition of the PLCγ pathway may lead to increased PIP 2 levels in the plasmamembrane, with ensuing activation of some of these channels.
The combined activation of cationic and K + channels could be responsible for the slow increase in ] i could be responsible for this effect [24] .
In conclusion, the data presented in this paper provide evidence for the involvement of the three 
